Preliminary study of concrete surface temperature mapping on structure problems in Makassar city with airbone thermal remote sensing by AMIRUDDIN, Arwin et al.
  
Preliminary Study of Concrete Surface Temperature Mapping on Structure Problems in 
Makassar City with Airbone Thermal Remote Sensing  
 
Arwin Amiruddin
1
, Josaphat Tetuko Sri Sumantyo
1
, Ilham Alimuddin
2
, Merna Baharuddin
3
 
1
Hasanuddin University, 
2
Chiba University, a.arwinamiruddin@yahoo.com 
 
Abstract 
Nowadays, the corrosion of concrete structures has moved into attractive fast-growing research. Corrosion in 
concrete is influenced by water, air, and temperature. Especially for the influence of temperature, this preliminary 
research will focus on mapping the temperature of concrete surface. Objective of this study is to develop a 
temperature mapping on concrete structures through airborne thermal remote sensing. The research will located at 
Makassar city in South Sulawesi, eastern part of Indonesia. Due to the research is still preliminary so the study 
was limited to the characteristics of the existing concrete building in Makassar city related with a remote sensing 
perspective. Results of this study are expected to assist the local authorities for early detection of corrosion 
problems on concrete structures and possibly will prevent a significant amount of structural failure and loss. In 
future, the shadow effect on radiant temperature will analyzed. The statistical T-test will used as measure in 
detecting concrete surface and provided to be effective. 
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1. Introduction 
Makassar city is one of major cities in Indonesia and is located in 
eastern part of Indonesia. Based on data from the Meteorology, 
Climatology and Geophysics Region IV Makassar that rainfall in 
Makassar, South Sulawesi and other regions are generally 
categorized overcast-light rain with temperatures between 23-32
o
C, 
humidity of 63-97%, and the average wind speed ranges from 2.9 
knots. Because Makassar city is in the tropics region so the 
temperature is a few things to consider. Infrastructure in the 
city is an average made from concrete, therefore, the effect 
of temperature on the concrete / concrete surfaces need to be 
tested for early detection of damage of concrete structures 
and for the purpose of maintenance of them.  
Figure 1 shows the Makassar city as the location of study. 
There are many concrete construction that stands such as 
hotels, offices, and others. In addition to temperature effects, 
the location of Makassar city is near the sea causing 
corrosion effects become important for concrete buildings.  
A series of studies have been studied related to the 
corrosion problems in concrete buildings, such as the 
influence of sea water to coastal structure buildings (Arwin, 
et al, 2012). However, this research takes a long time so it 
needs to be done similar research through the perspective of 
remote sensing using airborne thermal remote sensing. 
Through this approach it is expected that it will be able to 
mapp the temperature on the concrete surface and early 
corrosion can be detected so that possibly will prevent a 
significant amount of structural failure and loss. 
In this study, we investigate the applicability of airbone 
thermal remote sensing data for mapping concrete structure 
anomalies in detecting temperature differences.  
 
2. Methods 
Makassar city is located in the plains near the sea in 
eastern part of Indonesia. Recently, infrascture development 
using concrete material is incessant carried out in Makassar 
thi is consideration choosing this location as objects of study. 
Thermal Airbone Broadband Imager 320 (TABI-320), a 
new airbone thermal sensor developed by ITRES Research 
Ltd. (Canada), was acquired by PASCO Corporation (Japan). 
The specifications of TABI are shown in Table 1.  
The study will be divided into 2 (two) parts, namely, in 
early morning (EM) and in early afternoun (EA). The data 
will be recorded from flight record of TABI for acquiring the 
thermal data with 1.5m Ground Sampling Distance (GSD).  
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1 Makassar city as location of study 
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The study area covers 0.67 km * 7.2 km. These images 
were orthorectified with a 50 m resolution DEM (Digital 
Elevation Model) released by Geographical Survey Institute 
of Japan.  
 
Table 1. Specifications of TABI-320 
Instrument Type Pushbroom Thermal Imaging Microbolometer 
Field of View (FoV) 
48 deg across-track across 320 pixels; ~f/1 
0.25 deg along-track 
Instantaneous Field of View 2.87 milliradians 
Spectral Range 8 – 12 m (800 – 1200 mm) : 1 band 
Dynamic Range 4096 : 1 (12 bits) 
Temperature Range -20 to 110 oC Nominal 
NEt 0.1 K 
 
In general, the temperature of each surface cover increases 
after sunrise, continues to increase until 2:00 PM, and then 
decreases gradually. The temperature deviation depends on 
surface cover type. Thermal image has a great possibility for 
concrete monitoring because the deviation of concrete 
surface temperature in one day is large. We assume that the 
irregular distribution of temperature occurs at the concrete 
anomaly points.  
In general, the radiant temperature observed by 
spaceborne / airbone thermal sensors is easily affected by 
shadow, especially on the high resolution images. Therefore, 
a shadow simulation with DEM could be useful to estimate 
and remove its effect. However, the 50 m resolution DEM 
available in this study is unsufficient to simulate the shadow 
area of the 1.5 m GSD thermal images. Instead of DEM , 2 
TABI images in early morning and in early afternoon were 
used to estimate the shadow effect.  
The difference of the the radiant temperature (T) was 
defined as below. 
 
      T = TEA - TEM     (1) 
 
Where TEA is radiant temperature from the early afternoon 
(EA) image, TEM is radiant temperature from the early 
morning (EM) image. 
 
For a statistical interpretation of concrete anomaly, the 
T-test is proposed to detect the temperature anomaly at peach 
pixel. 
 
Zstnp = Xstnp - Mst / st    (2) 
 
Where  Z  : statistical score 
 X  : radiant temperature of the pixel of the pixel 
 M : mean value of the radiant temperature of 
normal concrete 
  : standard deviation (STD) of the radian 
temperature of normal concrete 
 s : shadow condition (N:NS, M:SM, A:SA, 
B:SB) 
 t : observation time (A:EA, M:EM) 
 n : number of line (1,2,3) 
 p : pixel position (-2, -1, 0, 1, 2) 
 
if |ZsAnp| or |ZsMnp| is greater than 1.96 (95% confidence 
interval), the pixel will be discriminated as a concrete 
anomaly point.  
 
3. Results and Discussion 
Due to the study is still preliminary, the results have not 
been obtained yet. However, this preliminary study is the first 
step to start analyzing the effect of temperature changes on 
the concrete surfaces in Makassar city. 
 
4. Summary 
The temperature deviation depends on surface cover type. 
Thermal image has a great possibility for concrete 
monitoring because the deviation of concrete surface 
temperature in one day is large. We assume that the irregular 
distribution of temperature occurs at the concrete anomaly 
points. 
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